We derive the general expression of the anisotropic magnetoresistance (AMR) ratio of ferromagnets for a relative angle between the magnetization direction and the current direction. We here use the two-current model for a system consisting of a spin-polarized conduction state (s) and localized d states (d) with spin-orbit interaction. Using the expression, we analyze the AMR ratios of Ni and a half-metallic ferromagnet. These results correspond well to the respective experimental results. In addition, we give an intuitive explanation about a relation between the sign of the AMR ratio and the s-d scattering process.
Introduction
The anisotropic magnetoresistance (AMR) effect, in which the electrical resistivity depends on a relative angle θ between the magnetization (M ex ) direction and the electric current (I) direction, has been studied extensively both experimentally [1] [2] [3] [4] [5] and theoretically [1, 6] . The AMR ratio is often defined by , where ( ) ρ θ is a resistivity for θ . Theoretically, Campbell-Fert-Jaoul (CFJ) [1] derived an expression of (0) ρ ρ ∆ of strong ferromagnets such as Ni-based alloys. Recently, we have extended the CFJ model to a more general theory [6] which is effective in examining (0) ρ ρ ∆ 's of the strong, weak, and half-metallic ferromagnets. This theory is based on the two-current model for a system consisting of a spin-polarized conduction state (s) and localized d orbitals (d) with spin-orbit interaction, where the conduction state contains the s, p, and conductive d states. We have analyzed (0) ρ ρ ∆ 's of various ferromagnets using the respective approximate expressions [6, 3] . For this theory, however, we did not perform the following two tasks: (i) derivation of the general expression of ( ) ρ θ ρ ∆ and its applications and (ii) determining an intuitive explanation for a relation between the sign of (0) ρ ρ ∆ and the s-d scattering process, where the s-d scattering represents that the conduction electron is scattered into the localized d orbitals by nonmagnetic impurities. Such studies appear to play an important role in the understanding and analyses of the AMR effect. In this paper, we address the above tasks. In particular, we investigate the AMR effects of Ni and the half-metallic ferromagnet (HMF). λ ≠ , where λ is the spin-orbit coupling [6] . Here,
, and 
Results and Consideration
In the same manner as our previous study [6] , we first obtain (5) into an expression of total resistivity including the spin-flip scattering (see Eq. (7) in Ref. [6] ), we derive the general expression of ( )
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is the matrix element of V imp between the conduction state and the localized d orbital and n N is the number of nearest-neighbor atoms around a single impurity [6] . We note here that the , where the spin of the conduction electron is conserved [1, 6] . In short, the final states roughly correspond to "the states that exist along the axis of the I direction". These states are shown by the blue and red bars in ellipses (see (ii), below). In addition, 
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